Pyruvate dehydrogenase complex (PDC) from mammalian sources comprises a structural core formed by 60 lipoate acetyltransferase (E2) subunits assembled as a pentagonal dodecahedron, to which pyruvate dehydrogenase (El a2B2 M, 154000) and lipoamide dehydrogenase (E3), a homodimer of M , 110000, subunits are bound to give a large array of approx. M, 8.5 x lo6 (Koike & Koike, 1976) . Pyruvate dehydrogenase complex is located in the mitochondria1 matrix and catalyses the overall reaction: pyruvate + NAD+ + CoASH -+ acetyl-CoA + NADH + H+ + CO,. A recently recognized subunit of M , 50000 forms a close physical and functional union with the E2 assembly (De Marcucci & Lindsay, 1986; Jilka et al., 1986) . Similarly to E2, component X incorporates acetyl groups in the presence of pyruvate and absence of CoASH (De Marcucci et al., 1986) . Acetylation of component X requires active El subunits and rapid deacetylation of both E2 and X occurs on addition of CoASH. The site of acetyl group incorporation on the E2 polypeptides is lipoic acid which is covalentiy attached by means of an amide bond to the N6-amino group of a lysine residue. Most evidence suggests that only a single lipoyl moiety is present on each E2 polypeptide (Hamada et a [., 1975; White et al., 1980) , although there have been some conflicting observations (Cate & Roche, 1979) . Studies employing proton n.m.r. or electron microscopy (Bleile et Perham et al., 1981) have shown that the lipoyl groups on the E2 subunits are sited on extended regions of polypeptide which are highly mobile relative to other parts of the multienzyme complex. S-Acetylation in the presence of pyruvate generates a thiol on the adjacent sulphur atom in the dithiolane ring of lipoic acid, which may thus be specifically modified with N-ethylmaleimide (Brown & Perham, 1976) .
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PDC was purified from fresh ox heart by a modification (De Marcucci et al., 1985) of the procedure of Stanley & Perham (1 980) . N-Ethyl(2,3-'4C]maleimide treatment of the complex resulted in major incorporation of I4C label into the El subunits whether or not pyruvate was added. This pyruvate-independent modification was eliminated by pretreatment of the complex with non-radioactive N-ethylmaleimide for 24 h at 4°C in the absence of pyruvate. Excess N-ethylmaleimide was removed by centrifugal gel filtration (Penefsky, 1977) . Regardless of whether a pretreatment with unlabelled N-ethylmaleimide was made, the pyruvatedependent incorporation of N-ethyl[2,3-'4C]maleimide into the lipoyl group of the E2 subunit was evident as was the pyruvate dependence of the radiolabelling of the M , 50 000 component X when the modified complex was resolved by SDS/polyacrylamide-gel electrophoresis and the resulting gel subjected to fluorography. Identification of the I4C-acetylated group on component X as a lipoyl moiety was made by comparative amino acid analysis of the ''C-labelled acid hydrolysis products generated from the E2 and X polypeptides. These exhibited similar elution profiles which were readily distinguishable from the hydrolysis products of N-ethylmaleimide-derivatized cysteine. This eliminated the possibility that the site of N-ethylmaleimide incorporation on protein X was a cysteine thiol exposed by a conformational change on addition of substrate .
PDC from ox heart was modified with N-ethylmaleimide for 24h in the absence of pyruvate so as to eliminate Abbreviation used: PDC, pyruvate dehydrogenase complex.
Vol. 15 exposed cysteine thiols. Excess N-ethylmaleimide was removed by centrifugal gel filtration. Lipoyl groups were then specifically cross-linked by addition of phenylene-obismaleimide to 7.5 p~ in the presence of pyruvate. Crosslinked complex was resolved by SDS/polyacrylamide-gel electrophoresis and the subunits involved in cross-linked species were identified by immunoblotting with antiserum raised to a specific subunit. In the presence of pyruvate, very high M , species containing both E2 and X were formed as well as cross-linked species which were apparently E2/E2 or X/X homodimers and E2/X heterodimers. A faster migrating cross-linked E2 species was also formed, probably representing a hair-pin structure resulting from an intrapeptide cross-link. Precisely the same pattern of cross-linked species resulted when NADH was used to reduce the lipoyl groups or if phenylenemaleimide was used in the pretreatment to modify cysteine thiols. The availability, in the presence of pyruvate, of two thiols on the E2 polypeptide for crosslinking with phenylene-o-bismaleimide could account for the two types of E2 homodimer and E2/X heterodimer observed as well as the formation of aggregates. The results of cross-linking indicated that the lipoyl groups of E2 and component X can interact spatially and that therefore E2 and component X were present on the same core assemblies. The rapid generation in the presence of pyruvate of two cross-linkable thiols on the lipoate acetyltransferase subunit could be explained by there being two acetylatable lipoyl groups on each E2 polypeptide. This would conflict with the lipoic acid content determination of White et af. (1980) , who found a value of I . 1 per E2 chain. The report of two lipoyl groups per E2 chain (Cate & Roche, 1979 ) is based on incorporation of [I4C]acetyl groups from [2-I4C]pyruvate. We have shown, however, that the second, slower, phase of acetylation may not be reductive acetylation of a second lipoyl group as it results in protection against N-ethylmaleimide modification of lipoyl groups on E2 and component X . The putative second thiol on lipoate acetyltransferase may belong to a special class of cysteine residue which can only react with a maleimide which is covalently attached to a lipoyl group, since pretreatment with N-ethylmaleimide or phenylenemaleimide did not preclude cross-linking. This may indicate that this cysteine is present in a site which interacts closely with the lipoyl domain on the E2 subunit and may have catalytic significance.
